Campylobacter jejuni CG8486, which belongs to the HS4 complex, was isolated from a patient with inflammatory diarrhea in Thailand. This strain caused a diarrheal disease in ferrets comparable to that caused by C. jejuni strain 81-176, but it was much less invasive for epithelial cells in vitro than 81-176. Complete genome sequencing of CG8486 revealed a 1.65-Mb genome that was very similar to the other two published genomes of clinical isolates of C. jejuni, the genomes of 81-176 and NCTC 11168, with a limited number of CG8486-specific genes mapping outside the hypervariable carbohydrate biosynthesis loci. These data suggest that the genes required for induction of inflammatory diarrhea are among the genes shared by CG8486 and 81-176 but that either major changes in the carbohydrate loci and/or more subtle changes in other genes may modulate virulence.
Campylobacter jejuni is a leading bacterial cause of foodborne diarrhea worldwide (8) . The human disease is associated principally with consumption of poultry, although other sources, such as water and milk, have been identified (14) . Infection with strains of C. jejuni with sialyated lipooligosaccharide (LOS) cores that mimic human gangliosides in structure can result in development of Guillain-Barré syndrome as a sequela to diarrheal disease (6) . Symptoms of campylobacteriosis can range from mild watery diarrhea to severe dysentery (41) . This range of symptoms is likely due in part to the immune status of the host, but genome diversity may also play a role. Despite extensive studies little is known about the molecular pathogenesis of C. jejuni diarrheal disease. The only well-characterized virulence factor is the cytolethal distending toxin, but the role of this toxin, which is shared with numerous, diverse pathogens, in diarrheal disease remains uncertain. The publication of the genome of a clinical isolate of C. jejuni from the United Kingdom, NCTC 11168 (31) , elucidated much about the biology of this bacterium but revealed no novel virulence factors that it has in common with other bacteria other than a previously unrecognized capsular polysaccharide (31) . Whole-genome microarrays have been used extensively to explore the genomic diversity of C. jejuni (9, 21, 22, 30, (32) (33) (34) 38) , and recently the complete genomes of a second C. jejuni strain, RM1221, which was isolated from chicken skin but whose virulence properties are unknown, and strains of Campylobacter coli, Campylobacter lari, and Campylobacter upsaliensis have been published (10) . Ten additional strains of Campylobacter spp. are being sequenced by The Institute for Genomic Research (D. Fouts, personal communication), and sequences of nine of these strains have been deposited in the GenBank database. These organisms include three strains from Guillain-Barré syndrome cases and one isolate, strain 81-176, from a diarrhea outbreak. The latter strain has also been sequenced independently using a new pyrosequencing technology based on a microfabricated high-density picoliter reactor (23) . C. jejuni 81-176 is a well-characterized strain that originated from an outbreak of diarrheal disease in school children following consumption of raw milk at a dairy farm (19) . This strain has subsequently been fed to adult human volunteers twice, and the clinical features associated with this strain are well documented (4, 7) , in contrast to those of the other sequenced strains. Moreover, 81-176 is more invasive for intestinal epithelial cells than other C. jejuni strains (18, 27) , and it has been shown to cause diarrheal disease in multiple animal models (1, 3, 35) .
C. jejuni and C. coli are major causes of diarrheal disease in Southeast Asia. Several studies of deployed United States military personnel in Thailand have shown that these Campylobacter species are identified in 30 to 60% of patients presenting with acute diarrhea (37) . A clinic-based study of United States military personnel presenting with acute diarrhea was undertaken during a 14-day period in May 1999. Several C. jejuni isolates from patients with distinct diarrheal disease symptoms were identified and subsequently were characterized. We used the newly available pyrosequencing technology (23) to sequence the genome of an isolate of C. jejuni that came from one of these patients with well-defined clinical symptoms. Here we compare the genome sequence of this strain to those of two other diarrheal isolates, NCTC 11168 and 81-176.
MATERIALS AND METHODS
Strain isolation and characterization. Strain CG8486 was isolated from a United States military service member with acute dysentery in Khorat, Thailand, in May 1999. For primary isolation in the field laboratory a membrane filter method with nonselective brucella agar containing 5% sheep blood agar (18) was used. Suspect colonies were subcultured onto blood agar following transport to the Armed Forces Research Institute of Medical Sciences laboratory in Bangkok for species identification. Antibiotic susceptibility testing of the isolate, designated CG8486, by the disk diffusion method (6) revealed azithromycin sensitivity and resistance to ofloxacin and tetracycline. CG8486 was identified as type Lior 5 at the Armed Forces Research Institute of Medical Sciences and as a member of the HS4 complex by Eva Nielsen of the Danish Veterinary Laboratory.
Other bacterial strains and growth conditions. Strains 81-176 and OH4384 have been described previously (7, 11) . C. jejuni was grown in Mueller-Hinton broth or on Mueller-Hinton agar at 37°C under microaerophilic conditions. Determination of inflammatory markers in blood and stools. Plasma and fecal extracts (2 ml extraction buffer/g of stool) were used to determine inflammatory cytokines by a capture enzyme-linked immunosorbent assay (Endogen, Woburn, MA). The C-reactive protein (CRP) (Dade Behring, Marburg, Germany) content in plasma and the lactoferrin (Leukotest; TechLab, Blacksburg, VA) content in stools were determined by using commercially available kits. The extraction buffer was phosphate-buffered saline containing 0.05% Tween 20, 1 mg/ml EDTA, 1 mg/ml bovine serum albumin, 1 mg/ml phenylmethylsulfonyl fluoride, and 200 mg/ml trypsin soybean inhibitor.
DNA extraction. Genomic DNA was prepared using the method of Sambrook et al. (36) .
DNA sequence analysis. The C. jejuni CG8486 genome was sequenced using a Genome Sequencer 20 sequencing instrument (454 Life Sciences, Branford, CT). Two sequencing rounds yielded approximately 596,000 sequences with an average read length of 109 bases for a total of approximately 65 Mb of data.
Contig assembly and annotation. Assembly was performed by using the newbler Assembler software provided by 454 Life Sciences. The analysis yielded 86 large contigs ranging from 557 to 155,249 bp long representing a total of ϳ1.65 Mb. Each of the contigs was independently screened for open reading frames (ORFs) at least 80 bp long using Artemis software (http://www.sanger.ac.uk /Software/Artemis/). Overlapping ORFs were manually eliminated. A total of 1,628 chromosomal ORFs have been found. ORFs were locally aligned using BLASTN software (http://www.ncbi.nlm.nih.gov/BLAST/download.shtml) against the whole C. jejuni NCTC 11168 genome. ORFs with no significant match were selected, and the corresponding proteins were compared to a nonredundant database using a local BLASTP program (http://www.ncbi.nlm.nih.gov/BLAST /download.shtml) for putative functional attribution.
Gap closure. After ordering of the CG8486 contigs on the sequence of C. jejuni NCTC 11168, many of the contigs could be tentatively aligned based on a shared gene at either end. Primers were designed for the end of each putative contiguous contig to close the gaps by PCR. After reassembly 30 of the gaps (40%) appeared to be separated by only a few base pairs. Following this analysis 58 gaps were successfully closed, leaving a total of 18 contigs. Some of the remaining gaps that were not closed are found in regions with repetitive sequences in other C. jejuni genomes.
Comparative genomics. All nucleotide and predicted protein comparisons were performed locally using the local BLAST package against the respective submitted C. jejuni genome updated nt and nr database. An e value of 10 Ϫ2 was selected as a threshold for ORF function attribution.
Oligonucleotide synthesis. DNA primers were synthesized with an Applied Biosystems model 392 DNA synthesizer.
Conventional DNA sequencing. Some regions of the DNA sequence obtained from pyrosequencing were confirmed using dideoxy sequence analysis with an Applied Biosystems model 3100 DNA sequencer.
Invasion assays. Invasion assays using INT407 or Caco2 cells were done as previously described (27) . Basically, approximately ϳ2 ϫ 10 6 bacterial cells were added to a monolayer of ϳ7 ϫ 10 4 epithelial cells. Following centrifugation at 200 ϫ g for 5 min, the assay mixtures were incubated for 2 h at 37°C in 5% CO 2 -95% air. Each monolayer was washed twice with Hanks' balanced salt solution, and fresh, prewarmed medium containing 100 g/ml gentamicin was added to kill extracellular bacteria. After two additional hours of incubation, the monolayer was washed twice with Hanks' balanced salt solution, and the bacteria were lysed in 0.01% Triton X-100 for 30 min. The released intracellular bacteria were enumerated by plate counting on Mueller-Hinton agar. The invasion ability was expressed as the percentage of the input inoculum surviving the gentamicin treatment.
Ferret model. Experiments with the ferret model were performed as previously described (2, 15) . Campylobacter-free, 6-week-old female ferrets were purchased from Triple F Farms (Sayre, PA). After 1 week of acclimation, the animals were infected with 1.8 ϫ 10 10 to 2.0 ϫ 10 10 bacteria by oral gavage and observed for signs of diarrheal disease for 4 days. Seven animals per strain were infected. The experiments were conducted in compliance with the Animal Welfare Act and according to the principles set forth in the Guide for the Care and Use of Laboratory Animals (18a).
Project accession number. This whole-genome shotgun project has been deposited in the EMBL/GenBank under project accession number ASY00000000. The version described in this paper is the first version, AASY01000000.
RESULTS AND DISCUSSION
Clinical history. A 28-year-old male active duty soldier presented with a 3-day history of diarrhea (three episodes in the 24 h prior to presentation), abdominal cramps, gross blood in stools, and headaches without fever, nausea, or vomiting. He consented to study enrollment and provided a stool specimen prior to antibiotic therapy, from which C. jejuni strain CG8486 was the only pathogen isolated. The clinical history was notable for a previous episode of mild watery Salmonella-associated diarrhea that had responded promptly (Ͻ12 h) to a 3-day course of ofloxacin therapy. The patient had been without symptoms for 4 days prior to new-onset dysentery. He denied use of doxycycline for malaria prophylaxis. Physical examination was notable for an oral temperature of 99.2°F, no orthostasis, and mild diffuse abdominal tenderness. The patient was positive for a number of inflammatory markers in both blood and stool (20, 25) , as shown in Table 1 . The patient was treated with azithromycin, and the diarrhea significantly improved by 72 h after the first antibiotic dose. A total of 13 diarrhea stools were documented during the episode lasting approximately 6 days.
In vitro and in vivo characterization of CG8486 virulence. Since C. jejuni strains are considered invasive for intestinal epithelial cells, we compared the ability of CG8486 to invade INT407 cells to that of the well-studied, invasive strain 81-176.
In triplicate experiments, 81-176 invaded INT407 cells at 1.49% Ϯ 0.51% of the input inoculum. In contrast, CG8486, which was fully motile, invaded cells at 0.001% Ϯ 0.001% of the input inoculum, which was Ͼ1000-fold lower than the value for 81-176 (P Ͻ 0.001). Strain 81-176 also invaded Caco2 cells at a higher level (0.42% Ϯ 0.31%) than CG8486 (0.016% Ϯ The detection limit for CRP was 6 mg/ml, and for cytokines the detection limit was 2.5 pg/ml; the concentration of interleukin-12 was below the level of detection. The lactoferrin assay showed agglutination at a stool dilution of 1:200. NA, not applicable. 0.001%), although the difference did not reach statistical significance (P ϭ 0.08).
When strains 81-176 and CG8486 were compared using the ferret model of diarrhea, they produced comparable disease patterns (five of seven animals infected with each strain developed diarrhea). Thus, CG8486 appeared to be as virulent as 81-176 in the ferret model, despite being less invasive than 81-176 in vitro. All previous studies with 81-176 indicated that invasiveness in vitro correlated with disease in the ferret model (2, 12, 42) .
General comparative genomics with other C. jejuni strains. The GϩC content of the CG8486 genome is 30.43%, which is very similar to the GϩC contents of the NCTC 11168 (30.55%), RM1221 (30.31%), and 81-176 (30.61%) genomes. The chromosome size of CG8486, 1.61 Mb, is closer to those of NCTC 11168 (1.64 Mb) and 81-176 (1.59 Mb) than to that of RM1221 (1.78 Mb), which contains insertions of phage or plasmids in four genomic islands, none of which were observed in CG8486. The genomes of CG8486, 81-176, and NCTC 11168, the three clinical isolates, are summarized in Fig. 1 . The three strains share 1,474 genes. There are 35 genes that are unique to 81-176, 38 genes that are unique to CG8486, and 8 genes that are unique to NCTC 11168. Strains 81-176 and CG8486 share only two genes not found in NCTC 11168, which encode a type I restriction-modification (R-M) system, as discussed below. Excluding the carbohydrate loci, CG8486 and NCTC 11168 share 43 genes not found in 81-176 (see Table S1 in the supplemental material), and 81-176 and NCTC 11168 share 58 genes not found in CG8486.
In general, as has been seen with other C. jejuni genomes, the vast majority of genes shared by CG8486 and reference strain NCTC 11168 are very similar. The CG8486 chromosome also appeared to have a high degree of synteny with the NCTC 11168 chromosome, with the exception of insertions or deletions of various sizes and a large chromosomal inversion between the intergenic region between the homologs of Cj0936 and Cj0937 (Cj8486_0953c and Cj1152c) and Cj1116c (Cj8486_954 and Cj8486_1154c). This inversion resulted in truncation, and most likely inactivation, of Cj1116c, which encodes a probable membrane-bound zinc metallopeptidase. The position of this inversion between Cj0936 and Cj0937 is also the position of an insertion of plasmid DNA in strain C. jejuni 81-176 (17), suggesting that this region may define a hot spot for recombinational activity.
NCTC 11168 genes missing in CG8486. A total of 87 ORFs found in NCTC 11168 (5.5% of the genome) are absent in CG8486 (see Table S2 in the supplemental material). Fifty-six (64%) of these ORFs coded for proteins Ͻ200 amino acid residues long, and 66 (76%) were smaller than the average ORF size for the NCTC 11168 genome (948 bp) (31) . The bias for the absence of the small NCTC 11168 ORFs in CG8486 is due in part to the absence of 41 (47.0%) ORFs classified as hypothetical. Forty-seven (54%) of the missing genes were found in hypervariable regions (see Table S2 in the supplemental material) as defined by Taboada et al. (38) , including the carbohydrate loci discussed below. Microarray comparative genomic assays revealed up to 20% variability between C. jejuni strains (9), but the values represent both missing and highly divergent genes. In comparison, 119 NCTC 11168 ORFs were missing in the RM1221 genome (10). The C. jejuni 81-176 genome appears to be missing a total of 51 ORFs compared to the NCTC 11168 genome, excluding the hypervariable carbohydrate loci. Of these 51 ORFs, 8 are also missing in CG8486 (Fig. 1) . These genes are Cj0008, Cj0568, Cj1520, and Cj1722c coding for hypothetical proteins, Cj1376 and Cj1723c coding for putative periplasmic proteins, and Cj0422c and Cj1051c coding for a putative helix-turn-helix and an R-M protein, respectively.
CG8486 ORFs absent from NCTC 11168 and 81-176 genomes. There are 40 genes unique to strain CG8486 compared to NCTC 11168, and these genes are located in 15 zones ( Table  2 ). The majority of these unique genes represent gene replacements, and the minority appear to be simple insertions. This observation corroborates the hypothesis of Taboada et al. that C. jejuni strains have a low level of genome plasticity, with only specific regions showing diversity (38) . The variability in CG8486 is similar to that seen in 81-176 (17), in which 37 unique genes were located in 11 regions on the chromosome. As mentioned above, the only genes shared by 81-176 and CG8486 that are not found in NCTC 11168 are those corresponding to a type I R-M system in zone 6 ( Table 2 ; see below). Based on these observations, it appears that the pools of unique genes of 81-176 and CG8486 are different and that these genes are physically located at distinct locations on the chromosome (see Table S3 in the supplemental material).
Homopolymeric G ⅐ C tracts. Variable poly(G ⅐ C) tracts in C. jejuni were first reported in the genome sequence of NCTC 11168 (31) , and subsequent studies have confirmed high levels of phase variation of surface antigens by slipped-strand mispairing (2, 11, 16) . C. jejuni CG8486 had a total of 23 poly(G ⅐ C) tracts (Table 3) , including three tracts in ORFs that are specific to this strain and five that map to intergenic regions. The first of the G ⅐ C tracts that are unique to CG8486 is found at the 3Ј end of Cj8486_777c, encoding a putative (17) . These estimations exclude the capsule, LOS, and flagellin posttranslational modification loci. The two genes present in both strain CG8486 and strain 81-176 are Cj8486_0771 (cju16) and Cj8486_0774 (cju20) coding for a type I R-M system (HsdM and HsdR, respectively). The eight genes unique to strain NCTC 11168 are listed in Table S2 methyltransferase. The other two genes unique to CG8486 with homopolymeric tracts are Cj8486_1024c, encoding a putative polysaccharide deacetylase, and Cj8486_1469c, encoding a sequence which is in the capsule locus. Seven of the CG8486 homopolymeric tracts are found in genes shared with NCTC 11168, but the corresponding NCTC 11168 allele lacks the repeats. Conversely, NCTC 11168 contains 14 G ⅐ C tracts that are not present in the corresponding genes in CG8486. Although slipped-strand mispairing has not been observed directly for any of these CG8486 genes, these observations suggest that the repertoire of potential phase-variable genes in C. jejuni is more extensive than previously thought. Surface-exposed carbohydrate loci. The genes encoding the three surface-exposed carbohydrate structures of C. jejuni, the LOS, capsule, and flagellin glycosylation structures, are the most variable regions of the chromosome (9, 32, 38) , and CG8486 also shows divergence in these regions. The LOS gene cluster of CG8486 is shown in Fig. 2A , and the genes are listed in Table 4 . Based on the recently described genotyping scheme of Parker et al. (29) , CG8486, like 81-176, belongs to class B, Table 2 ). , which is a mixture of GM2 and GM3 ganglioside mimics (29) , and OH4384 (lane 3), which expresses a GM1 (11) mimic, are compared. CT, cholera toxin.
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GENOME SEQUENCE OF C. JEJUNI CG8486 3429 a class of organisms containing sialic acid biosynthetic genes. Full-length pairwise alignment yielded 85.1% identity between the loci of C. jejuni CG8486 and ATCC 43449, the class B prototype strain. The C. jejuni CG8486 LOS locus is composed of 15 ORFs from Cj8486_1172 (waaC) to Cj8486_1185 (waaF) spanning 13.9 kb. Compared to the class B prototype strain, CG8486 has several interesting changes. There are two copies of GalNAc transferase genes, Cj8486_1176 and Cj8486_1181/ Cj8486_1181Ј, the latter of which appears to be out of frame due to slipped-strand mispairing at a run of G residues. The full-length ORF (Cj8486_1176) encodes a protein with 34% sequence identity at the N-terminal end with the product of Cj8486_1181; the C-terminal end of the product of Cj8486_1176, however, shows only 11% identity with the Cj8486_1181Ј product. There are no other G ⅐ C tracts in any of the other LOS genes. Figure 2B shows that the LOS core of CG8486 migrates at a higher electrophoretic M r than that of 81-176 and that the core of CG8486 does not bind cholera toxin, indicating that it lacks GM1 ganglioside mimicry. The strain-specific capsule locus, located between kpsC and kpsF, is 26 kb long, a size similar to the size of the 81-176 locus but smaller than the NCTC 11168 locus. Most of the genes encode proteins with similarity to other proteins involved in sugar synthesis or transferases. The capsule structure of CG8486, which was identified as a member of the HS4 complex, is being determined (M. A. Monteiro et al., unpublished data), and a full discussion of the capsule locus will be included in that study.
The flagellin glycosylation locus of CG8486 appears to be very similar to that of NCTC 11168, but the region was located on five different contigs, as sequenced. This likely reflects the high degree of repetitive DNA known to be present in this locus and highlights a limitation of this sequencing technique. There is, however, evidence that strain CG8486 contains genes for synthesis of pseudaminic acid (the pse pathway) (13, 15, 40) and genes for synthesis of legionaminic acid (24) (the ptm pathway). Strain NCTC 11168 also has both pathways (31), but 81-176 lacks the legionaminic acid pathway (15). DNA R-M genes. C. jejuni NCTC 11168 contains one complete type I system and one putative type II system for R-M. An additional type I R-M system has been described for the newly sequenced 81-176 genome (17) In contrast, two complete type I R-M systems and one type III R-M system are present in CG8486, as summarized in Fig. 3 . The first type I system occurs in zone 6 between Cj0759 and Cj0760, the same physical location as the additional type I R-M system of 81-176. The only two genes found in both CG8486 and 81-176 that are absent from the NCTC 11168 genome are located in this zone. These genes code for the subunit HsdM and HsdR (Cj8486_0771 and Cj8486_0774, respectively, for CG8486 and cju16 and cju20, respectively, for 81-176). Since the subunit HsdS is different, it is likely that this R-M system has different DNA recognition patterns in strains CG8486 and 81-176.
The second type I R-M system is located between Cj1548 and Cj1555 (zone 13 in Fig. 3 ) and replaces the corresponding NCTC 11168 ORFs that are missing in the CG8486 genome. This is part of the commonly reported hypervariable Cj1543c-Cj1563 region (38) .
In addition, C. jejuni CG8486 also has a potential functional type III R-M system between Cj0288c and Cj0289c (zone 4, including Cj8486_274 to Cj8486_276 [ Fig. 3] ). This locus contains three ORFs with high similarity to ORFs found in C. upsaliensis strain RM3195 and is at the same chromosomal location (adjacent to lpxB). Cj8486_0275 and Cj8486_0276 are similar to an adenine-specific DNA methyltransferase of Helicobacter pylori 26695 (47% identity) and CPU0800, a type III restriction enzyme R protein (64% identity). In addition to these R-M loci the C. jejuni CG8486 genome has alleles encoding two putative DNA methylases found in NCTC 11168, Cj0208 (Cj8486_0205) and Cj1461 (Cj8486_1499), and an additional putative methylase that replaces Cj0260 (Cj8486_0245; zone 3). C. jejuni RM1221 also contains the latter insertion (CJE0310), which is 97% identical to Cj8486_0245. The protein encoded by this gene has a high level of identity with a putative N6 adenine-specific DNA methyltransferase and also has a high degree of conservation with the homolog in H. pylori.
Natural transformation assays have shown that CG8486 can be readily transformed with DNA from 81-176 and can be readily mutated by in vitro transposition of its own DNA (C. P. Ewing and P. Guerry, unpublished data). However, electroporation and natural transformation of CG8486 DNA cloned in Escherichia coli are greatly reduced compared to electroporation and natural transformation of DNA of other C. jejuni strains (data not shown), consistent with the extensive repertoire of R-M genes present in this strain.
Degenerate virulence genes. CG8486 contains remnants of two potential virulence genes that have apparently degenerated. Seven small ORFs with unknown functions (Cj0968 to Cj0974) in NCTC 11168 are replaced by four ORFs in CG8486 (zone 8 containing Cj8486_1110 to Cj8486_1113c), an organization that was confirmed by conventional sequencing of this region. These CG8486 ORFs showed significant identity with ORFs encoding different domains of a protein annotated as a filamentous hemagglutinin in C. lari RM2100 (CLA0151; 1,085 amino acids; 119 kDa). The bordering genes, Cj0967 to Cj0975, also appear to be pseudogenes in CG8486 (Cj8486_1106c and Cj8486_1114c, respectively). Four ORFS located between Cj1359 and Cj1361 (zone 11, including Cj8486_1401 to Cj8486_1404) code for proteins that have identity with different domains of VacA of C. coli RM2228 and H. pylori. Similar genes were also found in C. jejuni strains 260.94 and RM1221 (CJE1550-CJE1551 and CJE1552). VacA is a toxin that is secreted by a type V secretion mechanism from H. pylori (39) and has three functional domains: an N-terminal signal sequence, a passenger domain, and an autotransporter domain in the C terminus. ORFs Cj8486_1401 to Cj8486_1404 of C. jejuni CG8486 encode putative proteins that share similarities with putative VacA proteins of C. coli RM2228 and C. jejuni 260.94 and the autotransporter domain of VacA from H. pylori.
The presence of the hemagglutinin and a VacA-like gene provides additional evidence that C. jejuni has exchanged genes with other pathogens, including H. pylori (28) , but the horizontally acquired genes appear to have lost function. Antibiotic and heavy metal resistance genes. Like C. jejuni RM1221 and C. coli RM2228, C. jejuni CG8486 contains a putative arsenic resistance operon that appears to be in the same physical location between Cj1560 and Cj1563 on the NCTC 11168 chromosome (zone 14, including Cj8486_1598 through Cj8486_1600; CJE1730 to CJE1733 in the RM1221 genome). This operon contains homologs of arsR, encoding a putative repressor, arsB, encoding a putative efflux pump protein, and arsC, encoding an arsenate reductase (genes Cj8486_1598, Cj8486_1599, and Cj8486_1600, respectively). It seems that NCTC 11168 has a degenerate relic of this operon. It is interesting that the two C. jejuni strains that contain putative arsenate resistance genes, RM1221 and CG8486, were isolated in the western United States and Thailand, respectively, areas reported by the World Health Organization to have water contaminated with arsenic at levels of Ͼ0.01 mg/liter (http://www .who.int/mediacenter/factsheets/fs210/en/index.html).
Plasmid sequences. A total of 12 contigs showed a high degree of similarity with the pTet conjugative R plasmid of C. jejuni 81-176 (5). These contigs cover 37 kb of the 45.2 kb of pTet, and experimental analysis confirmed the presence of an approximately 45-kb plasmid in CG8486 (data not shown). The presence of a tetO gene on the CG8486 plasmid is consistent with the observed resistance of this strain to tetracycline and with the reported high incidence of tetracycline resistance among C. jejuni strains from Asia (26) . The cpp2, cpp3, cpp4, cpp6, cpp7, cpp24, cpp25, and cmgB7 genes, which code for proteins with unknown functions, and repA, encoding a putative replication initiator protein, appear to be missing from the CG8486 plasmid, as sequenced. In addition, the CG8486 plasmid has an additional 627-bp ORF between cpp23 and cpp26 (c351.07). This ORF codes for a protein that is similar to a conserved, hypothetical protein of 81-176 (CJJ81176_0778). The CG8486 plasmid contains all of the genes involved in a putative type IV conjugation system of pTet.
Conclusions. High-throughput pyrosequencing is a powerful technology for rapidly sequencing bacterial genomes (23) . FIG. 3 . Schematic representation of C. jejuni CG8486 R-M loci. Zone 4 corresponds to a type III R-M system. In the CG8486 genome this locus appears to be localized between the genes corresponding to Cj0288c and Cj0289c of NCTC 11168. Zone 6 corresponds to a type I R-M system localized between the genes corresponding to Cj0759 and Cj0760 of NCTC 11168. Zone 13 corresponds to a type I R-M system and replaces the NCTC 11168 type I R-M system located between Cj1548 and Cj1555. M. Tfase, DNA methyltransferase; Dcarb., putative 4-carboxymuconolactone decarboxylase; Trsp., putative transporter.
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When a high level of redundancy of sequence data is obtained (in this study, chromosomal DNA was sequenced to an average of about 30 sequence reads at each nucleotide position), accurate de novo assembly of the nonrepetitive parts of the genome allows identification of novel genes. The major aim of this study was to use this technology to sequence the genome of the CG8486 strain, which caused an inflammatory diarrhea similar to that seen with 81-176 but which was markedly less invasive than 81-176. Hofreuter et al. (17) identified a number of 81-176-specific genes. Moreover, they demonstrated that mutation of a number of these genes (dmsA, which encodes a putative dimethyl sulfoxide reductase; cytC, which encodes a component of a cytochrome c oxidase; and ggt, encoding ␥-glutamyltranspeptidase) failed to reduce invasion but suggested that some of these 81-176 unique genes may make the strain more robust in vivo by counteracting oxidative stress. However, none of these genes are found in CG8486. This suggests that genes necessary for induction of inflammatory diarrhea are among the genes shared by 81-176 and GC8486 and that the reasons for the higher level of in vitro invasion by 81-176 remain obscure (17) . Collectively, multiple genome data indicate that the major genetic differences among C. jejuni strains are in the three carbohydrate loci (10, 17, 31, 33, 34) , and it may be that differences in these surface antigens affect virulence both in vivo and in vitro. However, the possibility that more subtle changes in the nucleotide sequences of genes common to Campylobacter strains may also modulate pathogenesis cannot be ruled out. The clinical data and specimen isolate analyzed in this study were derived from a research protocol (DOD 30596) approved by the institutional review board at the Naval Medical Research Center in compliance with all applicable federal regulations governing the protection of human subjects. The views expressed in this article are those of the authors and do not necessarily reflect the official policy or position of the Department of Navy, the Department of Defense, or the United States Government. This work was prepared as part of official duties of the government employees. Title 17 U.S.C. 101 defines United States Government work as work prepared by a military service member or employee of the United States Government as part of that person's official duties.
